TreeMap is a computer program for analysing host-parasite cospeciation. We respond to Dowling's (Cladistics, 
Introduction
The extent to which cospeciation, host switching, and other events have structured the evolution of host-parasite assemblages is a key question in phylogenetic analysis of coevolution (Brooks and McLennan, 1993; Page, 2002) . In order to obtain accurate estimates of the relative frequency of these events, we need methods for accurately reconstructing the history of host-parasite associations. A number of methods have been proposed (Charleston and Perkins, 2002; Hoberg et al., 1997; Huelsenbeck et al., 2002; Ronquist, 2002) , at least some of which have been implemented in computer programs. Which, if any, method is best has been the subject of some controversy. So, how does a researcher interested in cospeciation choose which method to use? In the first attempt to directly address this question, Dowling (2002) compares the performance of Brooks Parsimony Analysis (BPA) (Brooks, 1981) and the method described by Page (1994b) and implemented in the program TreeMap 1 (taxonomy.zoology.gla.ac.uk/rod/treemap.html). Dowling concludes that BPA is best.
In this paper we argue that there are serious flaws in Dowling's paper: the analyses have numerous mistakes, and his discussion of the two methods is confused.
Furthermore, some of Dowling's criticisms are made obsolete by the advent of TreeMap 2 (evolve.zoo.ox.ac.uk/software/treemap) which implements jungles (Charleston, 1998; Charleston and Perkins, 2002) . However, it would be both unhelpful and untrue to simply dismiss his results as being due to the use of an old version of TreeMap. Dowling's results highlight the problematic nature of widespread parasites. We suggest a simple "fix" that greatly improves the performance of TreeMap 1 and 2 when analysing widespread parasites. Page & Charleston TreeMap versus BPA (again) 5 of 26
Problems with Dowling's study
In discussing BPA, Dowling doesn't clearly distinguish between two uses of BPA: inferring the history of a given pair of host and parasite cladograms, and inferring host phylogeny from a given parasite phylogeny. His study addresses the first use, and therefore both host and parasite cladograms are given. At no time in either the BPA or TreeMap analysis can the host or parasite tree topologies change.
Despite this, Dowling repeatedly assures the reader that the problem of "ghost taxa"
(discussed below) is not a problem:
"…ghost characters only show up when a host switch has occurred and do not provide any support for groupings that were not already supported in the tree" (p. 420) "This problem is also readily recognized and does not appear to affect the overall structure of the BPA tree as well" (p. 421) "Remember, ghost taxa in no way affect the tree topology, they act only "…it can be overlooked as a flaw in the methodology that has no effect on the actual structure of the BPA tree" (p. 431)
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Asserting the same thing many times does not make it true. Ghost taxa are indeed major a problem when interpreting the evolutionary history of a parasite and its host (see below). The case where the user might infer a host tree from a parasite tree is not relevant to the question at hand. Trial 56 is interesting in that neither BPA nor TreeMap 1 reconstruct it correctly. The problem is that the actual history is not recoverable under either method. In trial 56 the ancestor of the parasite clade V+VI switched from the ancestor of hosts ABCD to the ancestor of hosts EFGHIJ. Because a descendant of this parasite lineage does not infect hosts EF, we must postulate a sorting event early in the history of these parasites. The TreeMap 1 reconstruction has one fewer sorting events than the actual history because it is more parsimonious to postulate that the ancestor of parasites V+VI landed on most recent the ancestor of their hosts G and J (Fig. 2 ).
In this case the artificial history is not recoverable, based on the information to hand. It is worth noting that the actual history could be recovered using the jungle method implemented in TreeMap 2, if we had information on the relative ages of the host lineages. For example, if we knew that common ancestor of hosts GHJ existed
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The problem with BPA
As Page (1994b) and others have argued, BPA can overestimate the number of host switches due to the non independence of the characters derived from the parasite tree. Dowling acknowledges this, but as we discussed above, chooses to dismiss it as a minor annoyance due to "ghost taxa." We beg to differ. Any reasonable method should count events correctly, rather than require the user to go through each homoplasious character reconstruction a posteriori, checking whether it is erroneous or not. Because of this problem, we cannot immediately use the counts of the different events found by BPA as reliable estimates of the true number of events.
In small cases like the artificial examples presented by Dowling, this might not seem too difficult. However, Dowling himself did not attempt to go through his 62 trials and correct the counts. The values he reports in his study include ghost taxa, and hence are in many cases not the actual number of events. This makes it difficult to determine the success rate for BPA, because we know a priori that many numbers in table 5 will not be correct. Moreover, any attempt to use statistical methods to assess whether the congruence between host and parasite trees is due to chance (e.g., Page, 1994b; Siddall, 1996) that relies on BPA will generate spurious distributions of the fit between host and parasite tree. Given that these distributions may comprise thousands of trees, manually checking them is impractical.
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We can get some inkling of whether a BPA reconstruction contains "ghost taxa" by counting the number of events. In the case of parasites restricted to a single host, each internal node in a parasite tree will belong to one of three categories: 
The problem with TreeMap
The major failing of TreeMap 1 identified by Dowling concerns those trials
(1-18 and 59-62) that involve widespread parasites. TreeMap 1 consistently requires large numbers of sorting events, when none (1-18) or few (59-62) are implied by the actual history. This is a consequence of how TreeMap 1 treats widespread parasites.
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As Page (1994b, p. 162 ) discussed, TreeMap 1 interprets a widespread parasite as representing a larger, unresolved clade. The range of the parasite is mapped onto the node in the host tree that is the most recent common ancestor of all the hosts infested by the parasite. As Page (1994b) noted, although this is computationally very straightforward, it need not be the most parsimonious interpretation of their distribution. In particular, it leads to erroneous reconstructions if applied to a parasite species that has increased its host range through host switching, as found by Dowling.
Although this is indeed a serious flaw in TreeMap, we can suggest a simple way to improve how the program handles widespread parasites, and that is to create additional "dummy" lineages for each occurrence of the parasite on a different host.
For example, in trial 1 we can split parasite II into two sister lineages, II 1 on host B
and II 2 on host D (Fig. 4a) . The optimal reconstruction for this tanglegram requires a single host switch from host B to D (Fig. 4b) , which is the actual history. Creating 
Numbers of reconstructions
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TreeMap versus BPA (again) 11 of 26 Dowling reports analyses of three empirical studies (Hafner et al., 1994; Hugot, 1999; Paterson et al., 2000) , and in each case TreeMap 1 finds multiple reconstructions (more than 1000 in one case). In part this is a consequence of the optimality criterion used. TreeMap 1 scores each reconstruction solely by the number of cospeciation events, which will range from 1 to n − 1, where n is the number of parasites. It ignores the other events when scoring reconstructions. BPA scores all events (although we argue that it need not do this correctly). Because there may be many reconstructions with the same number of cospeciation events, TreeMap 1 can yield multiple solutions. In practice, some users have looked at the numbers of duplications, host switches and sorting events to help chose among these reconstructions (e.g., Hugot, 1999; Siddall, 1997 Ronquist (1995) , and is discussed in detail in Page and Charleston (1997) and Charleston (1998) .
TreeMap 2 avoids this problem by using the jungle method to ensure that all solutions are feasible. It searches for all feasible reconstructions within bounds set by the user (for example, the user can specify the maximum number of host switches any reconstruction can have) and then filters the solutions to remove any that are definitely non-optimal for any set of costs. To evaluate individual reconstructions the user can specify costs for each event (duplication, host switch and sorting events). In this way the user can still explore alternative reconstructions, but not be swamped with many similar, but non optimal solutions.
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To illustrate this point, we reanalysed the example shown in Dowling's figure   21 , which is based on Hugot's (1999) study of primate pinworms (Fig. 5) . We used TreeMap 2 to search for reconstructions over a range of host switching parameters (0-7) using the default costs. We found 32 reconstructions, of which 9 had the best score of 28 non codivergence events. These reconstructions all had seven cospeciation events, and required 5-6 switches, 3-4 duplications, and 4-5 sorting events. One of these reconstructions is shown in Fig. 6 .
Note that the values reported in Dowling's table 7 for BPA for Hugot's data set cannot be correct. For the parasite tree C + D + H must equal 16, whereas for BPA it equals 15. Dowling also reports 0 sorting events, which seems very unlikely. Using
TreeMap 2 we searched for optimal, feasible reconstructions that had no sorting events, and found 9 reconstructions, all of which required two duplications and 9-10 host switches. One of these reconstructions is shown in Fig. 7 .
Multiple reconstructions in BPA
BPA's perceived advantage over TreeMap 1 of finding a single reconstruction is in large part due to Dowling's use of DELTRAN optimization (Swofford and Maddison, 1987) to map parasite "characters" onto the host tree (p. 424). This means that he will only recover a single reconstruction for a given data set. Given that it is possible to have multiple, equally parsimonious reconstructions for homoplasious binary characters on a tree (Swofford and Maddison, 1987) , we might ask why impose this constraint on BPA?
Although exact calculations are hampered by the fact that BPA codes are not independent (never mind the issue of manually adjusting the mapping afterwards) we can readily discover multiple reconstructions using the program MacClade ( 
Experimental design
A weakness in Dowling's experimental design is his method of generating host-parasite phylogenies and associations. Dowling generated his 62 scenarios by hand, rather than by computer simulation. The advantages of simulations are that they make explicit the assumptions employed to generate the trees and associations, they Fig. 7 
